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x˙(t) = f (t, x(t), x(t − h(t)), u(t)) , t ∈ [t1, t2] , !<"
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2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x(θ) = ϕ(θ) , θ ∈ E0 . !D"
622 +& u(t) = (u1(t), u2(t), ..., ur(t)) +2 6/. 6
6 21
u(t) ∈ U ⊂ Rr , t ∈ [t1, t2] . !@"
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J(u) = Φ0(x(t2)). !B"
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# / 87$. .. x(t) = (x1(t), x2(t), ..., xn(t))
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77$2.# +/2 h˙(t) < 1# 7$. f(t, x, y, u) : [t1,
t2] × Rn × Rn × Rr → ×Rn 622 + t# + + u  +8
77$2 + x# 7$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$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H (t, x¯(t), y¯ (t) , u¯(t), p(t)) = max
u∈U
H (t, x¯(t), y¯(t), u, p(t)) , !E"
 H (t, x, y, u, p(t)) = (p(t), f (t, x, y, u))  y(t) = x (t− h(t)) 
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p˙(t) = −Hx (t, x¯(t), x¯(t− h(t)), u¯(t), p(t))−
−Hy (r(t), x¯(r(t)), x¯(t), u¯(r(t)), p(r(t))) · r˙(t) !F"
p(t2) = −Φ0x(x¯(t2)), p(t) ≡ 0, t > t2. !="
k( r(t) ( 7$.# &.j-. j τ = t− h(t) 
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t
k , k ∈ N  
6?(2 6 [t1, t2]  N/ # /? N?&  kA t1 = τ0 <
τ1 < ... < τN = t2  ?6/2 /6 Δt = τi+1 − τi# xi = x (τi)# ui = u (τi)#
xi−vi = x (τi − h(τi))# +/2 vi = h(τi)Δt = τikΔt = t1+iΔtkΔt = t1kΔt + ik = m + ik  
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I[u] = Φ(xN ),
xi+1 = xi + Δt · f (ti, xi, xi−vi , ui) , i = 0, N − 1,
xi = ϕ(ti) , i = −m, 0 ,
ui ∈ U, i = 0, N − 1.
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.A xi−m−
1
k
# xi−m−
2
k
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 j = k xi−m− jk = (k−j)xi−m−1+jxi−mk  
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L[x, u, p, λ0] = λ0Φ(xN ) +
N
k −1∑
i=0
k−1∑
j=0
(pki+j+1, xki+j+1 − xki+j−
−Δtf(tki+j , xki+j , x(k−1)i−m+j(1− 1k ), uki+j)) =
= λ,0Φ(xN ) +
N
k −1∑
i=0
k−1∑
j=0
(pki+j+1, xki+j+1 − xki+j−
−Δtf(tki+j , xki+j , jx
(k−1)−m+j−1 + (k − j)x(k−1)−m+j
k
, uki+j))
 9. ?- 1# 21 ++&1(# / m  k 
L2 &/ +&/2 &j- 72& &. /&. 2+&(A
pi+j = pi+j+1 + Δt
⎛
⎝pi+j+1, ∂f
(
ti+j ,x
i+j,x
k−1
k
(i+j)−m,ui+j
)
∂xi
⎞
⎠+
+k−jk Δt
⎛
⎝p kk−1 (i+j+m)− jk−1+1, ∂f
(
t k
k−1 (i+j+m)
,x
k
k−1 (i+j+m),xi+j−
j
k ,u
k
k−1 (i+j+m)
)
∂xi+j−
j
k
⎞
⎠+
+ j+1k Δt
⎛
⎝p kk−1 (i+j+m)− jk−1+2, ∂f
(
t k
k−1 (i+j+m)+1
,x
k
k−1 (i+j+m)+1,xi+j+
j
k ,u
k
k−1 (i+j+m)
)
∂xi+j+
j
k
⎞
⎠
i = 1, 2, ..., k − 2,
I>  
pi+k−1 = pi+k + Δt
⎛
⎝pi+k, ∂f
(
ti+k−1, xi+k−1, x
k(i+k−1)
k−1 −m, ui+k−1
)
∂xi+k−1
⎞
⎠+
+
1
k
Δt
(
p
k
k−1 (i+k−1+m),
∂f
(
t k
k−1 (i+k−1+m)−1, x
k
k−1 (i+k−1+m)−1, xi+k−1+
k−1
k , u
k
k−1 (i+k−1+m)−1
)
∂xi+k−1+
k−1
k
⎞
⎠+
+Δt
⎛
⎝p kk−1 (i+k−1+m)+1, ∂f
(
t k
k−1 (i+k−1+m)
,x
k
k−1 (i+k−1+m),xi+k−1,u
k
k−1 (i+k−1+m)
)
∂xi+k−1
⎞
⎠+
+ 1kΔt
(
p
k
k−1 (i+k−1+m)+2,
∂f
(
t k
k−1 (i+k−1+m)+1
,x
k
k−1 (i+k−1+m)+1,xi+k−1+
k−1
k ,u
k
k−1 (i+k−1+m)+1
)
∂xi+k−1+
k−1
k
⎞
⎠ .
k22# / i 62.. +& #  /& 6/.  /0 j =
1, k − 1# +/2 i+2 6/. 0, k − 1, 2 (k − 1) , ..., (Nk − 1) (k − 1) .
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p(k−1)
N
k −m = p(k−1)
N
k −m+1+
+ Δt
(
p(k−1)
N
k −m+1,
∂f
(
t(k−1)Nk −m, x
(k−1)Nk −m, x
k
k−1 ((k−1)Nk −m)−m, u(k−1)
N
k −m
)
∂x(k−1)
N
k −m
⎞
⎠+
+
1
k
Δt
⎛
⎝pN , ∂f
(
tN−1, xN−1, x
k
k−1 (N−1)−m, uN−1
)
∂x
k
k−1 (N−1)−m
⎞
⎠ ,
pi = pi+1 + Δt
⎛
⎝pi+1, ∂f
(
ti, x
i, x
k−1
k i−m, ui
)
∂xi
⎞
⎠ ,
i = (k − 1) N
k
−m + 1, N − 1.
pN = −λ 0 ∂Φ(x
N )
∂xN
.
22 / &/ h(t) = t3    72& &. /&. 28
+&( 2j A
    
   I<
pi = pi+1 + Δt
(
pi+1,
∂f
(
ti,x
i,x
2
3 i−m,ui
)
∂xi
)
+
+ 23Δt
⎛
⎝p 3m+3i+12 , ∂f
(
t 3m+3i−1
2
,x
3m+3i−1
2 ,xi−
1
3 ,u
3m+3i−1
2
)
∂xi−
1
3
⎞
⎠+
+ 23Δt
⎛
⎝p 3m+3i+32 , ∂f
(
t 3m+3i+1
2
,x
3m+3i+1
2 ,xi+
1
3 ,u
3m+3i+1
2
)
∂xi+
1
3
⎞
⎠ ,
i = 1, 3, 5, ..., 2N3 −m− 1,
pi = pi+1 + Δt
⎛
⎝pi+1, ∂f
(
ti, x
i, x
2i
3 −m, ui
)
∂xi
⎞
⎠+
+
1
3
Δt
⎛
⎝p 3i+3m2 , ∂f
(
t 3i+3m
2 −1, x
3i+3m
2 −1xi−
2
3 , u
3i+3m
2 −1
)
∂xi−
2
3
⎞
⎠+
+Δt
⎛
⎝p 3i+3m2 +1, ∂f
(
t 3i+3m
2
,x
3i+3m
2 xi,u
3i+3m
2
)
∂xi
⎞
⎠+
1
3Δt
⎛
⎝p 3i+3m2 +2, ∂f
(
t 3i+3m
2 +1
,x
3i+3m
2 +1xi+
2
3 ,u
3i+3m
2 +1
)
∂xi+
2
3
⎞
⎠ ,
i = 2, 4, 6, ..., 2N3 −m− 2,
p
2N
3 −m = p
2N
3 −m+1+
+Δt
⎛
⎝p 2N3 −m, ∂f
(
t 2N
3 −m
,x
2N
3 −m,x
2
3 ( 2N3 −m)−m,u 2N3 −m
)
∂xi
⎞
⎠+
+ 13Δt
⎛
⎝pN , ∂f
(
tN−1,xN−1x
2N
3 −m−
2
3 ,uN−1
)
∂x
2N
3 −m−
2
3
⎞
⎠ ,
pi = pi+1 + Δt
⎛
⎝pi+1, ∂f
(
ti, x
i, x
2
3 i−m, ui
)
∂xi
⎞
⎠ ,
i =
2N
3
−m, ..., N − 1,
pN = −λ 0 ∂Φ(x
N )
∂xN
.
+92 . &. 6& 6
ID  
pi+1−pi
Δt = −
(
pi+1,
∂f
(
ti,x
i,x
2
3 i−m,ui
)
∂xi
)
−
− 23
⎛
⎝p 3m+3i+12 , ∂f
(
t 3m+3i−1
2
,x
3m+3i−1
2 ,xi−
1
3 ,u
3m+3i−1
2
)
∂xi−
1
3
⎞
⎠−
− 23
⎛
⎝p 3m+3i+32 , ∂f
(
t 3m+3i+1
2
,x
3m+3i+1
2 ,xi+
1
3 ,u
3m+3i+1
2
)
∂xi+
1
3
⎞
⎠ ,
pi+1−pi
Δt = −
(
pi+1,
∂f
(
ti,x
i,x
2i
3 −m,ui
)
∂xi
)
−
− 13
⎛
⎝p 3i+3m2 , ∂f
(
t 3i+3m
2 −1
,x
3i+3m
2 −1xi−
2
3 ,u
3i+3m
2 −1
)
∂xi−
2
3
⎞
⎠+
+
⎛
⎝p 3i+3m2 +1, ∂f
(
t 3i+3m
2
,x
3i+3m
2 xi,u
3i+3m
2
)
∂xi
⎞
⎠−
− 13
⎛
⎝p 3i+3m2 +2, ∂f
(
t 3i+3m
2 +1
,x
3i+3m
2 +1xi+
2
3 ,u
3i+3m
2 +1
)
∂xi+
2
3
⎞
⎠ .
0.  +& + Δt→ 0 # /.# / p 3i+3m2 = p
(
t 3i+3m
2
)
→ p ( 3t2 )#
+&/2
p˙(t) = −
(
p(t),
∂f(x(t),x(t− t3 ),u(t))
∂x
)
−
− 12
(
2
3 +
2
3 +
1
3 + 1 +
1
3
) ·(p ( 32 t) , ∂f(x( 32 t),x(t),u( 32 t))∂y
)
=
= −
(
p(t),
∂f(x(t),x(t− t3 ),u(t))
∂x
)
− 32
(
p
(
3
2 t
)
,
∂f(x( 32 t),x(t),u( 32 t))
∂y
)
.
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